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Introduction
The charmonium spectrum consists of eight narrow states below the open charm threshold (3.73 GeV) and several tens of states above that. Below the threshold almost all states are well-established. In contrast very little is known at higher masses where there have been discoveries [1] of several new charmonium-like states for which the interpretation is still not clear. In the following sections we will review recent BABAR results in this area.
Study of J/ψω production in two-photon interactions
The Y(3940) was observed by Belle [2] in B decays and confirmed by BABAR [3] . In a re-analysis [4] of the BABAR data sample the precision of the Y(3940) parameters was improved and evidence was found also for the decay X(3872) → J/ψω. This confirmed an earlier unpublished Belle claim [5] for the existence of this decay mode. A subsequent Belle paper [6] reported evidence of a structure in the process γγ → J/ψω that they named the X(3915), with mass and width values similar to those obtained for the Y(3940) by BABAR [3] . In this context BABAR has performed a study of the process γγ → J/ψω [7] to search for the X(3915) and the X(3872) using a data sample corresponding to an integrated luminosity of 519 fb −1 . We searched for the X(3872) since, until recently [8] , its quantum numbers were ambiguous between J P C = 1 ++ and J P C = 2 −+ . For the former the state cannot be produced in twophoton collisions. Figure 1 shows the reconstructed J/ψω mass distribution after all selection criteria have been applied. A large peak near 3915 MeV/c 2 is observed with a significance of 7.6 σ. The measured parameters for the resonance, obtained from a maximum likelihood fit, are m X(3915) = (3919.4 ± 2.2 ± 1.6)MeV/c 2 and Γ X(3915) = (13 ± 6 ± 3)MeV. The value of the two-photon width times the branching fraction is found to be Γ γγ (X(3915)) × B(X(3915) → J/ψω) = 52 ± 10 ± 3 eV for the spin 0 hypothesis, and 10.5 ± 1.9 ± 0.6 eV for spin 2, where the first error is statistical and the second is systematic.
We performed an angular analysis based on the predictions of Rosner [9] in an attempt to establish the quantum numbers of the X(3915). We first discriminate between J P = 0 ± and J P = 2 + using the relevant final state angular distributions. In all cases the J P = 0 ± hypothesis describes the data better than the J P = 2 + hypothesis [7] . We then discriminate between J P = 0 − and J P = 0 + . In all cases the J P = 0 + hypothesis gives a smaller χ 2 . In summary we find that assignment of J P = 0 + is preferred. This assignment favors the interpretation of the X(3915) as the χ c0 (2P ) charmonium state. + decaying to ψ(2S)π + in the process B → ψ(2S)Kπ [10] . This claim generated a great deal of interest [11] since such a state must have a minimum quark content ccdu, and thus would represent an unequivocal manifestation of a four-quark meson state. The BABAR collaboration searched for the Z(4430)
+ in an analysis of the process B → ψ(2S)Kπ, and also in B → J/ψKπ [12] , but without finding significant structure in ψ(2S)π nor in J/ψπ invariant mass. In 2009 the Belle Collaboration reported the observation of two additional resonance-like structures similar to the Z(4430) + in the study of B 0 → χ c1 K − π + [13] . These new structures were labeled as the Z 1 (4050) + and the Z 2 (4250) + , both decaying to χ c1 π + . Using a data sample from an integrated luminosity of 429 fb −1 , BABAR has searched for the Z 1 (4050) + and Z 2 (4250)
, where the χ c1 → J/ψγ. In the BABAR analysis the χ c1 π + mass distribution, after background subtraction and efficiency-correction, has been modeled using the angular information from the Kπ mass distribution as represented using only loworder Legendre polynomial moments. The excellent description of the χ c1 π + mass distribution obtained in this approach shows no need for any additional resonance structure in order to describe the distribution. Figure 2 shows the result of the fit to the χ c1 π + mass spectrum using two or one scalar Breit-Wigners with parameters fixed to the Belle measured values. In all the fit cases there are no significant resonant structures, since the statistical significance obtained is less than 2σ. The upper limits (ULs) at the 90 % CL on the branching fractions are, for the one resonance fit 
B(B
, while for the two-resonance fit [18] , so that its properties do not lend themselves to a simple charmonium interpretation, and its nature remains unclear. A subsequent Belle analysis [19] of the same final state suggested also the existence of an additional resonance around 4.1 GeV/c 2 that they named the Y(4008). BABAR has performed an analysis [20] of this process using a data sample corresponding to an integrated luminosity of 454 fb −1 . Figure 3 where "pol" is a polynomial function used to describe the m(π + π − ) continuum, and
analysis; φ allows for a phase difference between these amplitudes. The result of this fit is shown in Figure 3 We have presented studies of charmonium-like states at BABAR . We have confirmed the existence of the X(3915), and determined its preferred quantum numbers to be J P = 0 + . We also presented the search for the Z 1 (4050) + and Z 2 (4250) + , and the update of the BABAR analysis of the decay Y (4260) → J/ψπ + π − . All these measurements may help our understanding of the charmonium-like states discovered at the B-factories.
